(19) 



J 



Europasches Patentamt 
European Patent Office 
Office europ^ des brevets 



(12) 



(43) Date of publication: 

iai2.1997 Bulletin 1997/50 

(21) Application number: 97108877.8 

(22) Date of filing: 03^.1997 



(11) EP 0 812 011 A2 

EUROPEAN PATENT APPUCATION 

(51) Int CI.®: H01L 21/306. B08B 1/00 



(84) Desigrmted Contracting States: 

AT BE CH DE DK ES R FRGBGR IE IT LI LU MC 
NLPTSE 

(30) Priority: 05.06.1996 JP 165353/96 

(71) Applicant: 

WAKO PURE CHEMICAL INDUSTRIES, LTD 
Chuo-ku Osaka 541 (JP) 

(72) Inventors: 

• KaMzawa, Masahiko 
Kawagoe^M, Saltama 350-11 (JP) 



(54) Cleaning agent 



• Ichlkawa, Osamu 
Kawagoe-stii, Saltama 350-11 (JP) 

• Hayashlda, Ichiro 
Kawagoe-sM, Saltama 350-11 (JP) 

(74) Representative: 

von KfBisler, AIek, Dlpl.-Cheni. atal 

Patentanwjiite, 

von Kreisler-teiting-Wemer, 

BahnhofsvorpMz 1 (Delchmanntiaiis) 

50667 K0ln(DE) 



(57) Remcving parb'des and metallic contaminants 
without corrosing the metallized wirings and without giv* 
ing adverse effect of plananzation on the semkx>nductor 
substrate surface can be effectively achieved by use of 
a cleaning agent which comprises an organic add hav- 
ing at least one cariboxyl group and a complexing agent 
having chelating at)ility. 



O 

CM 

GO 
O 

Q. 

lU 



PrinredbyXoTO (UK) Busfeioss 8wvIom 
2.15.2A4 - 



EP08t2011 A2 

Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to a cleaning agent for the semiconductor substrate surface used in praduction steps 
of semiconductors and LCDs (Bquid crystal displays), and further relates to a method for cleaning the senniconductor 
substrate surface by using said cleaning agent 

At present, according to the recent tx&nd of high integration of LSI, various technologies have been introduced in 
production steps of semiconductors. Silicon wafers, which are used for producing semiconductor devices mair^ 

10 applied to production of LSIs. are prepared by cutting out from a single crystal of silicon ingot and being subjected to 
production steps of tapping and polishing. F6r these reasons, the surface of thus prepared siYicon wafers are contami- 
nated with a large amount of metaDic impurftSea Furthermore, in steps fbBowing to these producUon steps, the sBlcon 
wafers sur^ce may have a number of risks of metallic oontamihation, because the wafers are subjected to production 
steps of semiconductor devices such as ion unplantation step, nnetal terminal formation step and eta 

16 In the recent years, there have been proposed to introAJce ch&rncal mechanical polishing (CI^P) technologies for 
produdng the semiconductor devices in accordance with the requirement of planarization of semiconductor substrate 
surface due to the recent trend of multi-level metallized viriringa The CMP ta^hnology is a method to make the surface 
of sSicon wafers flatness by i^ng slurry of silica or alumina. Tbe ot>jectives of polishing are silicon oxide film, wirings 
and plugs on the surface. In this case, the surface of silioon wafers is contaminated with sHica or alumina slurry, metallic 

20 inpurhies containing in the slunrles, and metallic impurities caused by polished plug or wiring metals. In such a case, a 
large amount of metallic contaminants are viridely spreaded out ori the whole surface of the sSicon wafers. 

When the semiconductor substrate surface is contaminated with metallic impurities as mentioned above, the elec- 
trical properties 61 semiconductor devices are affected for the worse, and as a result the reliability of semiconductor 
devices will t>e lowered. Further, the semiconductor device may possibly be destroyed for a large amount of metallic 

26 contamination. So tfiat it is necessary to remove the metallic contaminants from the 8ut>sfarate surface by introducing 
cleaning step after the CMP process. 

Nowadays, the cleaning step is conducted by a method of chemical deanrng, physical cleaning or combinations 
thereof. Among methods of chemical cleaning. RCA cleaning method which was developed in 1970's. is used widely in 
the art The solution of RCA cleaning is consisting of acid-type cleaning solutions and alkali-type cleaning solutions. 

30 The acid-type cleaning solution, such as HPM Chydrochtoric acid-hydrogen perc»ide mixed aqueous solution) and DHF 
(diluted hydirofluoric add solution) is used for removing the metallic contaminants. On the other hand, the alkali type 
cleaning solution, which is represented ty APM (ammonia-hydrogen peroxide mixed aqueous solution), possesses an 
exc^iefit abiity to remove the particle contaminants, but it possesses insuffidem ability to remove the metallic contam- 
inants. 

35 Under such circumstances, for the purpose to renxve the metallic contaminants, the add-type deaning solution 
such as HPM and DHF may inevitat)ly be used. 

However, the metallized wirings being provided on the semiconductor si4)Strate surface may be corroded with the 
deaning solution, t>ecause such an add-type deaning solutfon possesses strong at>ility to dissolve the metala 

In order to avoid such corrosfon problem of the nrwtallized wirings being provided on the serrttconductor sut>strate 
40 surfece, a physical (mechanical) deaning method can be applied. As to the physical deaning method, there can be 
exm^'iBd by a brush-scrubbing method 1:^ using high speed rotating brush(s): an ice-scrubbing method by using jet- 
ted out fine partides of ice: a method of deaning by high pressure jet stream of ultra- pure water; and a megasonic 
deani ng method by using ultrasonic wave and the Dka 

Each one of these physical deanlig methods is effective to avoid oon^osion problem of the metallized wirings being 
46 provided on tfie semiconductor substrate surfece. However, the abiRty for renrwing metaHic contaminants can harcBy 
be expected only by use of these physical deaning methods. For this reason, it is proposed to use the physical cleaning 
method in combination with chemical deaning method by using an acid-type cleaning solution. 

It shoukJ t>e noted that though the ability for removing metallic contaminants can t>e expected by conducting the 
RCA deaning m^hod using an inorganic add, such the method has some problems exemplified that the metaHized wir- 
so ings being provided on the surface may be damaged, further the insulation film off silicon oxide being provided on the 
surteem^ be etched with the inorganic add. 

Therefore, it is necessary to dilute the concentration of the inorganic add as lower as possible, and to reduce the 
cleaning time as shorter as possible. 

However, as a result of such consideratfons. adequate effects for cleaning can not be expected. 
B6 In addition to the above, other method for deanir^ the semiconductor substrate surface is available, in which an 
aqueous solution of a monocarlxjxylic add in combination with a surfactant is used. However, this method is urxlerstood 
that though it is effective to improve the wettability between the aqueous solution and the semiconductor sii>strate sur- 
fece by use off the suriadant, thte method requires the longer time to remove the metallic contaminants, further an ade- 
quate deaning effidency can not be expected. 
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Adcfitionally. other method for removir^ the metallic oontaminants such a& the one using of citric acW eolution in 
combination with a brush-scrubbing dearang was reported Howa/er. the effect for removing the metallic contamnants 
was insufficient only by use of citric add solution, so that an adequate deaning effects was not obtained 

As explained above, there have not tjeen found yet any effective means for removing particles and metallic oontam- 
inants without oorrosng the metallized wirings and without giving adverse effect of planarizatlon on the semiconductor 
substrate surface. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

In consideration of these facts as mentioned above, the problems to l>e solved by the invention Is to prov^ a dean- 
ing agent for the semiconductor substrate surface without corrosing the metallized wsrings and without Increasing 
micro-roughness on the semiconduclor substrate surface, as well as to provide a deaning m^hod fbr the semiconduc- 
tor sut>strate surface use of said clearing agent 

MEANS FOR SOLVING THE PROBLEMS 

The present irivent'on is established to soh/e the above-n(mntk>ned pn^ 
deaning agent for the semiconductor sut»strate sirface which conprises an organic add having at least one cartxscyl 
group and a complexing agent having dielating atwlity. 

The present kwention further relates to a deaning method for the semicorKfuctor substrate surface, wttich com- 
prises treating the semiconductor 8ut>8trate surface with a deaning agent comprising an organic add having at least 
one cart>oxyl group and a complexing agent having chelating ability 

The present inventors have made an extensive research work for achieving the above-mentioned object. 

As a result the inventors have found that the metallic contaminants being adsoibed and adhered on the semicon- 
ductor substrate sivface can easily be removed by use of a deaning agent containnig an organic add having at least 
one carboxyl groip and a complexing agent having chelating ability, without conrosing metallized wirings being provided 
on the semiconductor substrate surface and without depredating the planarization on the surface thereof which are 
occured when a strong add or strong alkali solution is used, and on the basis of these finding, the present Invention 
has been established. 

The reason why the above-mentioned object can be adiieved by conducting a method of the present invention is 
presumed as tollows. That is, when the organic add dissolves metal oxides and metal hydroxides, such as Fe and Al, 
even though they are in quite small anwunts^sakS dissolved metallic ions m^lbrm metal complexes with t^ 
Ing agent As the result, an equlSxIum in the reaction system of the deaning agent may be transited to the db-ection 
towandto (fissdve the metals, which improves the metal dissolving power of the orgaruc acid, thus removal of the metal- 
lic contaminants being adsoit>ed and adhered on the semicorxiuctor substrate surface can be achieved. 

The organic add to be used in the present invention is one having at least one carboxyl group, preferably one hav- 
ing 1 to 3 carboxyl groups and more preferably one having 2 to 3 cart>oxy! groups, and the organic add m^ contain 
also 1 to 3 hydroocyl groups and/br 1 to 3 amino groups. 

The examples of said organic adds of the present invention indude nK>nocait>Qxytic adds such as formic add, ace- 
tic add and propionic add , cScartxjxyiic adds aich as oxalic add, malonic add, sucdnic add, glutaric add, acfi|»c add. 
pmielic add, mal«c add. fumaric add and phthafic add, tricartwxylic adds such as trimellltic add and tricarbaDyficadd! 
oxycarboxyfic adds exOTpllf ied by oxymonocarboxylic ad<te such as hydroxybu^c add, lacb'c add and salicylic add. 
Qxydicartxvyfic adds such as malic add and tartaric add and Qxytricarboxylic adds such as citric add; aminocarboxylic 
adds such as aspartic add and glutamic add. 

Among then\ a dlcait)Qxylic add or an oxycartxsxylic add is preferalsle. 

The organic add relating to the present invention can be used singly or in combination suitably with 2 or more of 

them. 

The complexing agent having chelating atjifity of the present inventk>n is preferably those which can be able to form 
complax conpounds with the metallic contaminants sudi as Fe and Al, and they are exerrplifted by amincpolycarbox- 
yllc adds such as ethylenediamine tetraacetic add (EDTA). and trans-1,2<Jiaminocydohe£xane tetraacetic add 
(CyDTA), phosphonic add derivatives such as ethylenedianrtine telra(methylweph06phonic add) (EDTPO). ethylene- 
diamine di(methylenephosphonic add) (EDDPO), nitrilotris(methytenephosphonic add) (NTPO) and l-hydroxyethyt- 
ydene-1,1--diph06phorw add (HEDPO) . condensed phosphoric adds such as tr^xrfyphosphoric add and 
hexamethaphosphoric actd diketones such as acetylacetone and hexaf luoroacetyla:etone . amines such as ethylene- 
diamine and trielhandamine, an Inorganic Ion such as a haRde ton (for example r, a Br\ l ), a cyanide ion. a thlocy- 
anate ton, a thiosuKate ion and an ammonium ion. Among them, a phosphonic add derivative is preferakrfe. 

The complexing agents relating to the present invention may be used singly or used suitably combried with 2 or 
more of them. 

The deaning agent of the present invention are generally used in a sdution, preferably in an ac^ieous solution. The 
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organfe acid and the «wplexingaoenlcortained iher^ 
the organic add and the cCJT^exing agent. 

When the concentration of the organic acid and the convlexing agent "r"***^ 
quate cleaning effect can not l>e obtained and additionally, in case of the sen««>^««w 
oe^ contaminated se/erely. the cleaning effect may be deaeased. On the other hand when 
S?S2iSSn1l!r^n£toohlgh. adequate 

*'*''srsr;iSi^?t*«ntheco^ 

be <SL2n^ the use ofTS^ amount of co^plexlng agent n,ay bring 

irrpurities on the semiconductor substrate surface, which resUts certain problems ^^^^^^^^^^ 
conductor. From the economical standpoint it is preferable that the comple»ng agent may notbeused n atergequan- 

^' Generally, the concentration of the organic acid in the solution is selected from a the range of 0.05 to 50 % by 
"^^1L'i^e2^C?i used in an amount within the rangeof 0.01 to 10%by weight, preferably 0.1 to 
'''Tno^rciilStiSonductors^^ 

■«Jritanm»^a)W6 Forthispurpose. generally; silicon wafers are dipped in the cleaning agent In addrt«n. *«s 
SiSelurface or any other riocedureesofar as the eemioonduclor substrate 8urfa« 
•""TOsS^SlTCbecoaWned with any conventicnalp^ 

:^;'2Sition. the deamng agent tbr the semiconductor ^^r!:^J:^^^^^t^ 
owlnary temperature, and generally the cleaning agent is used at suitable temperature by heabng. because the effect 
thrremoOTnaoonlamlnants of microfine panicles is increased at higher temperature. 

!3o?tottSSnetitutionaI IngrSienis as mentioned abo^. various auxiliary ingredients such as surfectente^ 
bufliL «?w.rsJSents may be Ltained in the cleaning agent of the present in^rention wrth.n the range wh«h 

•'"'rtSi^^jri^X'J^^ 

hvdrof luoric add / graphite furnace atomic absorption spectrometry . . _j ^ 

ln^ 6i prSnng reagents and carrying out of analytical operafions. ultra- pure water was used, and also 
hydrofluoric add of uftra^xjre reagent grade was used for the analysis. 

Example 1 

P.type(100)8iioon wafers havingeincheaindiameterwerediw^^ 
ppb e^ Fe. Al and Cu (each of which is a nitrate solution), then the slicon wafers conlaminatedwrth those metalBc 

^"^"e^^x";?^^ 

^^'^SS^^^Tabove^enti^^ 

tion ^^tit as Nos. 1 to 10. having the fbrmations as sho^ in l^e 1 . "^^^^^ S 
10 minutes. After that, the each one of thus obtained sifioon wafers was washed with ^J-P^'J^^IS^ 
means of a spin^lryer. The amount of those metallic ions on the surface were measured the above^entoned 
method. The results are shown in Table 1 . 

so i^f^ence Example 1 

The silicon wafers contaminated wKh Fe. Ai and Cu prepared in Exan^ 
nominated as Nos. 11 and 12. having the fomiations shown in Table 1. and in ultra-pure water (Na 13). thenthe silicon 
wafers were treated similarly as in Example 1 . 
65 The results are also shown in Table 1. 
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55 As can be seen from the data shorn in l^e1. the anwurrt of the 

be reduced remaitably by treating with the cleaning agent of the present invention. 
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Example 2 
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Each one of ttM, silicon wafere contaminated with Fe. A! and Cu was prepared by P««»*;'«J!«';i£*^ 
employed in Exanple 1 . In case of carrying out a brush-scmbbins clearing «««»hod. ea«#. one ,<22^*S!^ 
by use c^«,Iation brush made of polyvinyl alcohol, and the cleaning agent ^^^'Tj^ 
as N06. 14 to 23. having the formations as shwn in Table 2. Each one of the ^'-^n >«atere was ^^J^^' 1 
SmSa A«« the Veatmenl. the silicon wafers was washed with ultraixire water and dned by use of a 6P"«*n^er. The 
ZiJi rtJ»Slfe1«S^the surface of the wafers were measured by the procedures similar to those employed .n 



Example 1. The resutts are shown in 
to Table 2. 

jiteference Example 2 



In caseof deaning thesnicon wafersbeing contaminaled with Fe. M and «^"sed«E««ipte r byue^^ 
type brSTmadelipSyvinyl alcohol, each one of the deaning agents nomin^ 

in Table 2 and ultra-pure water (No. 26) was used. The silicon wafers were treated s»nMy as -n Exampte 
^JjJS^ZTJtfSmeXionsremainedw 
also shOMm in Table 2. 
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As can be seen from the data ehovvn nn Table 2, in case of conducttng physcal cleaning in combination with use of 
the cleaning agent of the present Hwention. rl is understood that the amount of metalBc contaninants remained on the 
surface of silicon wafers were remarkably reduced. Further, as shown from the results perfomwd by the cleaning 
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agents of the present invention nominated as Nos. U to 1 8. the organic acids having 2 or more of carboxy! groi^. such 
as axalic acid, citric add. malonic acid and succinic add, show cleaning eff idency higher than that of shown by acetic 
add which is an orgarac add having only one caitxscyl group. 



5 Example 3 

Each one of silicon wafers provided with wirings of Al and Cu on the substrate surface thereof vk^as dipped In the 
deaningagenlofthepresent invention, havingtheformations of Nos. 1 and2asshown in Tat>le1,respectiveV, relating 
to Exairple 1 as mentioned above, at 70 for 1 hour. After that, each one of thus obtained silicon wafers was washed 
10 with ultra-pure water and dried by use of a spin^lryer. The metaUised wirings on the substrate surface was confirmed 
by a microscopic obsenration. and further confirmed by a circuit tester whether there is disconnection or not. As the 
result, there were confirmed that neither corrosion of the metallised wirings nor disconriection was observed on the sur- 
face of the silicon wrafeis which was dipped in the cleaning agent of the present invention. 



16 Reference Example 3 

By the procedures similar to those enployed in Example 3. each one of the silicon wafers were treated by use of 
HF»M ( Ha • Ofe : O = 1 : 1 : §) and DHF (1% hydrofluoric acid), and confirmed whether or not there were any 
corrosion and disconnection on the surface of the siicon wafers. As the resUt there were confirmed that Al and Cu wir- 
20 ings were corroded, and some disconnection were observed. . ^ ^ 

As dearly understood from the description in the specification, by using the deaning agent for the semiconductor 
substrate surface of the present invention and the deaning method by using said deaning agent, the metallic contam- 
inants adsorbed and adhered on the semiconductor substrate surface can be removed effidently without conrosingthe 
metallized wirings and vwthout giving adverse effect on the surface planarizatlon as bi the case by using a strong add- 
as type solution or a strcmg alkali -type solution being applied In the art. 

Thus, the present invention v«ll contrifcxjte greatly in the art 



Claims 

30 1. Adear^ngagertferthesemiconductorsubstratesurface, Which comprisesano^ 
tX)Kyl group and a conplexing agent having dielating al3ility. 

2- The deaning agent as daimed in dalm 1 . wherein the deaning agent is an aqueous edutlon. 

35 3. The deaning agent as daimed in daim 1 or 2. wherein the organic add is one having 1 to 3 caiboxyl groups. 

4. The cleaning agent as daimed in daim 1 or 2. wherein the organic acid is one having 2 to 3 caiboxyl groups. 

5. The deaning agent as daimed ki daim 1 or 2, wherein the organic add is one seleded from the group consisting 
40 61 SL monocarboxylic add, a dicaiboxylic add, a tricarbOKylic add an oxycaiboxylic add and an ammocarboxylic 

add. 

6. The deaning agent as dawned in dalm 1 or 2, wherein the organic add is a dicarboxylic add or an oxycarboxylic 
add. 

45 

7. The deaning agent as daimed in daim 6. wherein the oxycarboxylic add fe an oxydicartwxylic add or an oxytncar- 
boxyfic add. 

8. The dealing agent as daimed in dabn 6, wherein the dlcartxwylic add is one selected from the groip condsting 
so of oxalic add, malonic add, sucdnic add, glutaric add, a<fipic add, pimeric add, maleic add. fumaric acid and 

phthalicadd. 

9. The deaning agent as daimed in daim 8. wherein the oxycarboxylic add is one selecled from the group consisting 
of maUc add, tartaric add and citric add. 

1 0. The deaning agent as claimed in daim 1 or 2, wherein the complexing agent is one having chelating ability to form 
complex conpounds with m^allic contaminants on the semiconductor substrate surface. 

11 . The deaning agent as daimed in daim 1 or 2, wherein the complexing agent is one selected from the group con- 
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sitting of an anunopo[>^strbOKyfo a<^ a phosphpnic.ackl dejciyat^ a condensed phosphoric acid, a cfiketone. an 
amine, and an inorgarnc bn seized from ihe group oonsisiing'cl a halide ion. a cyanide ion^ a ttiiocyanate ton. a 
thiosuKate ion and an ammonium ion. 

12. The cleaning agent as claimed in claim 1 or 2, wherein the complexing agent is a phosphonic add derivative. 

13. The cleaning agent as claimed in dalm 12, wherein the phosphonic ackJ derivative Is one selected from the group 
cona'sting of ethylenedlamine tetra(memylenephosphonic acid), ethylenediamine di(methytenephosphonic acid)» 
nitn1otris{methyl6nepho6phonic add) and 1 -hydroxyethylydene-1 . 1 '-dipho&phonic add. 

14. The cleaning agent as claimed in daim 1 or 2. wherein the organic acid is a dicartxixylic add or an oxycart>oxylic 
add and the complexing agent is a phosphonic add derivativa 

15. A deaning method for the semtcorKluctor etdsetrate surface* which comprises treating the semicorKfuctor sut>strate 
surfto with a deaning agent comprising an organic add having at least one carboxyl group and a complexing 
agent having chelating abl%. 

1 6. The method as claimed in datm 1 5, wherein the treatment of the semiconductor substrate surface is to dip the sem- 
iconductor In the deaning agent. 
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